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[10191/1694] 

APPARATUS FOR SENSING ELECTROMAGNETIC RADIATION 

The'^invent ion relates to an apparatus for sensing 
i\ electromagnetic radiation with local resolution, as oie-fined in 

t'he--^xe-amtale'~r)r" e'l^Tir- 1-^ 



5 Sa^rkgXoUrW-i^f- the- In\rention 



-££i^^ent--day semiconductor detectors, for example for infrared 
radiation, include a detector structure constructed on a 
semiconductor substrate. In this context, detector arrays 
10 comprising so-called thermopile sensors are suitable for 

detecting infrared radiation. The substrate of the detector 
structure is usually joined to a housing into which a 
protective window is set above the detector structure. The 
protective window is transparent to the radiation that is to 
15 be detected, and protects the detector structure from 

disruptive environmental influences, for example from soiling. 

In combination with a spatially resolving detector array, it 
is possible with such an apparatus to implement an image- 

20 producing sensor. Image-producing IR sensors are required, for 
example, for motor vehicle interior monitoring. An image- 
producing process requires the provision of an optical imaging 
system, e.g. an imaging lens, which images onto the plane of 
the detector array the object that is to be imaged. 

25 Conventional imaging lenses with conventional materials 

represent a considerable cost factor for sensor systems of 
this kind- Lower-cost plastic lenses are limited in terms of 
their applicability, since they are, for example, temperature- 
sensitive . 

30 

Advantages of the Invention 

-^^^ In contrast thereto, it is the object of the invent ioR-- to 

provide an apparatus for sensing electromagnetic radiation 

35 with local resolution for image-producing purposes that can be 

economically manufactured and installed. 
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An apparatus according to the present invention is accordingly 
characterized in that a micromechanically producible optical 
imaging system is provided. An im.aging system of this kind, in 
particular in the form of a lens, can be manufactured 
5 micromechanically from semiconductor material, for example 

from silicon, in large quantities and economically. The 
imaging properties and temperature stability of such systems 
are sufficient, especially in the infrared region, that image- 
producing sensors can be equipped with them. 

10 .... .,.,v, , . - ■ rv. X 

In a- devehi-epmeftt— ef- ilia- invention, the micromechanically 

pro'3ucible imaging system is joined rigidly to the 

semiconductor substrate of the detector structure. This join 

can be made, for example, by installation on a protective 

15 housing for the detector structure. Because of the rigid join 
to the detector structure, the apparatus according to the 
present invention is ready to use without additionally 

■i necessary alignment of the imaging system, thus decreasing the 

" installation outlay for the detector apparatus at the place of 

20 use. 



A micromechanically producible optical imaging system 

according to the present invention can, for example, include 

multiple lenses, thus making such an imaging system suitable 

25 in particular for the use of a detector structure having 

multiple separate detector elements. It is particularly 

advantageous in this context to associate one lens with each 

i\ detector element . Xru-^-devfi? "I npment .-o^ — this — embodiment r - The 

n . ^ . , ^ r ^^^^ , .- ^ 

optical axes of the individual lenses a-re differently 
30 oriented, thus yielding a large coverage angle for monitoring 
of an area. 



The combination of one group of detector elements each with 
one or more lenses is also advantageous depending on the 
application, for example, o^^o a g o in to achieve a large 
coverage angle for a detector structure made up of multiple 
detector elements, or to achieve local resolution for a group 
of detector elements. 
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i-N^ In a further aavantageous eteve~ir&pm^fvt~-e^ h^e invention, the 

optical imaging system is used simultaneously as a protective 
window for the detector structure. A separate protective 
window thereby becomes superfluous, and the apparatus 
5 according to the present invention becomes more economical. 

In an embodiment with a protective housing, the optical ^ 
> .\ imaging systemi (e.g. one or more micromechanica 1 lenses) i^ 

tiuu^^re^e^^^i^ attached in place of the former protective 
10 window in the corresponding mount of the protective housing. 

-V Other configurations are, however, certainly^ also conceivable; 

for example, the micromechanical imaging system can be joined 
^ ^;^r^- spacers to the substrate of the detector structure. 

15 

Such a join can be brought about, for example, by adhesive 
bonding or by anodic bonding, etc. All known and future types 
of join5in the semiconductor field, in particular in the 
context of silicon, can be used for this purpose. 

2D 

A so-called lens array made up of multiple lenses, as set 
forth above, can be joined rigidly to the detector array with 
r small spacing tolerances, for example using micromechanical 

; spacers as intermediate supports. A rigid join makes the 

25 apparatus ready for use without further alignment. 

Individual detector elements of a detector structure can be 
separated from one another by optical partitions. These 
partitions, which can be constituted, for example, by the 
30 surface of an intermediate support configured, for example, in 

honeycomb fashion, can prevent any undesirable cross -coupling 
of radiation onto an adjacent detector element. An 
intermediate support of this kind is preferably made of an 
infrared-opaque material such as, for example, Pyrex glass. 

35 

To decrease transmission through such a partition, a 
corresponding coating of the partition can also be provided. 

As discussed above, the micromechanical imaging system i^s 
40 preferably- constructed on a semiconductor substrate. In 
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addition to economical manufacture, this yields the additional 
advantage that the substrate of the imaging system can be 
effectively joined to the substrate of the detector structure, 
for example using one of the capabilities referred to above. 

5 

It is particularly advantageous in this context if the 
substrate of the optical imaging system and the substrate of 
the detector system have the same material, so that a join 
between the substrates is readily possible. If applicable, a 
10 spacer can also have the same material. The use of silicon is 

particularly suitable in this context. 

In a further advantageous embodiment of t he^invent ion , the 
detector structure is applied on the back side of the 

15 substrate of the optical imaging system. This allows a 

particularly compact detector apparatus to be realized. In 
this context, as in the p-revious exemplary embodiment with 
spacers^ the detector structure can be placed as a separate 
structure onto the substrate of the imaging system and joined 

2D to it. In this embodiment as in the example described above 

with spacers, alignment of the imaging system with respect to 
the detector can -ii-i-re^dy be performed at the wafer level^- 
before the individual sensors are sectioned. This means that 
two wafers having a plurality of micromechanical imaging 

25 systems and a plurality of detector structures are aligned 

with respect to one another and attached to one another before 
the individual sensors are separated by cutting the wafers. 
Alignment can thus be performed in particularly simple and 
highly accurate fashion. 

30 1.,..- 

In a further advantageous embodiment of the invention, the 

detector structure is constructed on the back side of the 
substrate of the imaging system as a monolithic construction. 
In this case, the complete arrangement comprising the imaging 
35 system and detector structure is constructed on one wafer. 

This embodiment would be, so to speak, the most highlry- 
developed variant embodiment of the invention, with 
correspondingly great advantages in terms of manufacturing 
outlay and alignment. 



40 
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With a monolithic construction as described above, a detector 
structure that is irradiated from the back side is advisable. 
This means that, the substrate on which the detector structure 
is constructed must be transparent to the radiation being 
detected . 

In order to construct 4«^ow-n thermopile sensors with this 
procedure, rl: rs -std^i-&a:b-3r^-4:o const^uc-t a -membrane made> for 
example, silicon nitride, in order to prevent excessive 

10 thermal diffusion of the heat created upon incidence of the 
radiation that is to be detected. That heat is detected by 
corresponding thermopile elements. A membrane of this kind can 
be produced in monolithic fashion, for example, by anisotropic 
etching of a cavity and/or by etching out a porous layer. All 
15 suitable micromechanical production methods, in particular 

including future manufacturing methods, can be used for this 
purpose. 



30 



Exemplary EmbodimOsfit s ^ 



Several exemplary embodin;ient s of the present invention are 
:■ depicted in the drawings, and will be explained in more detail 

below with reference to the Figures, in which: 

ZS Figure 1 shows a schematic sectioned depiction of a first 



variant embodiment of the invention; 
- \ ■ \ 

Figure 2 shows a depiction, corresponding to Figure 1, of a 
,x second v^arriaht^ embodiment ;\- ' ^ ^" ^ ■ ■ - ^ ■ ■ 



;V Figure 3 shows a corresponding depiction of a third ^^ra^e^ra^t 



embodiment p\ ^ ^ \" " 

Figure 4 shows -e— f urttier embodiment of the invention using 
35 -^^ monolithic construction^ ai^^d- ■ 



Figure 5 shows a -p^rtieurla^ embodiment with a so-called lens 
array . 
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Apparatus 1 as shown in Figure 1 includes a mounting plate 2 
on which a substrate 10 having a detector structure 3 is 
constructed. Detector structure 3 is depicted in simplified 
fashion and can contain, for example, a plurality of 
5 thermopile sensors. 

A protective housing 4 covers detector structure 3 and 
protects it from disruptive environmental influences, for 
example from soiling. Above detector structure 3, a 
10 micromechanical lens 5 is fitted in protective housing 4 as a 
protective window. Through this, an image-producing method can 
be carried out using apparatus 1. The image-producing 
properties resulting from lens 5 are indicated schematically 
by two beams 6 . 

A separate lens can be dispensed with in this embodiment, thus 
allowing the elimination not only of material outlay but also 
of complex alignment. In addition, a micromechanical lens 5 in 
accordance with the exemplary embodiment can be economically 
20 manufactured in large quantities. 

""■^v The developed exemplary embodiment -i-n Figure 2 shows once 
r: vv a^a-i^ an apparatus 1 according to the present invention* x ■ ^ ■ 
: ;v micromechanical lens 5 te^e±ng joined, without a protective 

A 

2-5 housing, via spacers 7 to substrate 10 of detector structure 
3. tn— this Figure^ M cavity 8 is irrd-icated beneath detector 
structure 3, so that substrate 2 forms a thin membrane 9 in 
the region of detector structure 3. The thin membrane 9 
prevents excessively rapid dissipation of the heat resulting 

30 from the incident radiation. This heat is detected by the 

thermopile elements. Because thermal diffusion is limited by 
the thin configuration of membrane 9, the sensitivity of 
apparatus 1 is thus improved. 

35 The configuration as shown in Figure 2 can be produced in such 

a way that by production engineering alone, the alignment 
between lens 5 and substrate 2 is performed simultaneously for 
a plurality of com.ponents each present on a wafer. After the 
join between lens 5 and substrate 2 has been made via spacers 
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1, sectioning can then occur, each sensor apparatus 1 being 
equally well-aligned. 

In the apparatus as shown in Figure 3, membrane 9 of detector 
5 structure 3 is already directly joined to substrate 10 of 

micromechanical lens 5. Micromechani cal lens 5 is configured 
as a convexity on substrate 10, while membrane 9 is applied on 
the back side of substrate 10. Membrane 9 with detector 
structure 3 can, for example, be constructed separately and 

10 then joined to substrate 10 of lens 5, for example by bonding 
or adhesion. Here, as in the a^^i-ement ioned ' exemplary 
embodiment according to Figure 2, alignment and joining are 
possible simultaneously for a plurality of components by 
fitting together two wafers before the individual sensors 1 

15 are sectioned. The embodiment shown in Figure 3 represents the 

smallest construction, among the exemplary embodiments 
described, for an apparatus according to the present 
invention. 



2rQ In a development of this embodiment, the entire apparatus 1 is 

constructed monol i thical ly on a substrate by micromechanical 
production methods. In the embodiment shown in Figure 3, 
cavity 8 is located between the back side of lens 5 and 
membrane 9. With monolithic construction, this cavity mt^st be 

25 configured after production of the membrane. This can be done 
by etching, for example anisotropic etching or etching of a 
porous layer provided for the purpose {a so-called sacrificial 
layer) . Once again, a^ri' pr^sehtly known or future ^ 

micromechanical manufacturing techniques ^^-r^ available for the 

- V 

30 monolithic procedure. 



The depiction in. Figure 4 shows an embodiment using the 
monolithic procedure comparable to the above example, cavity 8 
being created in the interior of substrate 10 so that membrane 
35 9 and detector structure 3 are located on the flat back side 

of substrate 10 . 



In Figure 3 and Figure 4, detector structure 3 is indicated on 
the back side of membrane 9, as it would be provided in the 
v^v^ 40 case of a monolithic procedure. In such a case^ is important 
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to ensure tha-t membrane 9 is transparent to radiation 6 that 
is to be detected. 

In the case of an infrared sensor it^._woulci be suitable^^ f or 
5 example, to 'u^-e silicon as the subs^feate material. Silicon 

would furthermore also be a suitable material for the 
tv exemplary embodiments mefi^tioua^^^_e..axlier , both for the 

construction of detector structure 3 as substrate 10 and for 
the construction of micromechanical lens 5. Silicon is a 
10 comparatively inexpensive semiconductor, and thus makes 

possible economical manufacture of the apparatus according to 
the present invention. 

Figure 5 shows an embodiment of an apparatus according to the 
15 present invention having a lens array 11 that has multiple 
lenses 12 lying next to one another. 

Detector structure 3 includes a variety of detector elements 
13 that lie on a membrane 9. In order to decrease dissipation 
2:0 of the heat to be detected by detector elements 13, a cavity 8 
has been produced in substrate 10. 

Micromechanical lens array 11 is rigidly joined, via spacers 7 
and intermediate supports 14 surrounding detector elements 13, 

95 to detector structure 3/ partitions 15 of intermediate 

supports 14 are configured to be opaque to infrared radiation 
in order to prevent cros s -coupl ing of heat radiation onto an 
adjacent detector element 13. The schematically indicated 
optical axes 16 of the individual lenses 12 of lens array 11 

30 are inclined with respect to one another so that different 

solid angle regions can be imaged onto the detector elements. 

\ \ ■ ■■ ■ ^ '■ 

Intermediate supports 14 a-^^^p^^iexa.bly configured in 
honeycomb form, so that they can be constructed next to one 
35 another in planar fashion without interstices. 
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